etween 1989 and 1993 we implanted a matrix support prosthesis made of carbon fibre for the treatment of chronic painful articular defects of the patella in 27 patients. The mean period of follow-up was 33 months (11 to 54) with clinical and arthroscopic evaluation of the implant.
The management of anterior knee pain is a difficult clinical problem and the condition is poorly understood. We consider that chondromalacia patellae is a distinct clinical entity characterised by localised retropatellar pain associated with recognisable destructive changes in the articular cartilage of the patella. 1 Its cause is as yet unknown, although underuse, malalignment of the patella and premature ageing of the cartilage have been implicated.
There are many techniques for the operative treatment of refractory anterior knee pain involving arthroscopic lavage, debridement of retropatellar lesions, patellar realignment, and articular resurfacing, [2] [3] [4] [5] all with variable rates of success. Attempts to restore the normal integrity of the articular surface include transplantation of periosteal explants, cultured cartilage cells, collagen sponge and osteochondral allografts. [6] [7] [8] [9] [10] [11] None of these approaches has yet been shown to be successful clinically in the long term. In 1979, Muckle and Minns 12 described the use of filamentous carbon fibre for the repair of defects of the articular cartilage in rabbits. The inert carbon-fibre implants, first used in rod form and then as woven pads, served as a scaffold for the ingrowth of fibrocartilage and enhanced the ultimate durability of the fibrocartilaginous surface. 13 The success with this model encouraged clinical use of the implant. In retrospective studies, Muckle and Minns 14 and Pongor et al 15 published their favourable results in patients, based only on clinical assessment. As a result of this success the senior author (GB) began using carbon-fibre pads for the treatment of symptomatic osteochondritis, early osteoarthritic lesions, and chondromalacia patellae of grades I to IV in a prospective study of patients in whom previous surgical treatment had failed. These procedures had included lateral release, soft-tissue realignment of the patella, and debridement and drilling of defects in the articular surface. We now report the mediumterm results of this operation.
Patients and Methods
Between 1989 and 1993 we implanted 27 woven carbonfibre pads for the treatment of painful articular defects in the patella in 27 patients (27 knees) with a mean age of 29.8 years (18.4 to 47.8). There were eight men and 19 women. In 19 cases the right knee was involved and in eight the left.
The criteria for inclusion in the study were retropatellar pain associated with an articular defect of the patella, consistent clinical findings referable to the patellofemoral joint, and arthroscopic correlation of the lesion without associated knee pathology such as ligamentous instability, meniscal lesions, or obvious patellar malalignment. All the patients had had operative treatment which had failed and all had received formal controlled physiotherapy for one to three months.
In 12 patients the initial onset of symptoms was insidious. Eleven had sustained a direct blow to the anterior knee from either a fall or motor-vehicle accident. Four had a history of a twisting injury and one a single isolated episode of patellar dislocation.
All patients had persistently two of the symptoms recognised as characteristic of a retropatellar pain syndrome (Table I) . Each had had activity-related pain during at least three of the activities listed (Table II) . Symptoms had been present for a mean of 8.7 years before the operation (2 to 17). All had had at least one surgical procedure, totalling 76 for the group (Table III) .
The standing alignment was symmetrical in all knees. An effusion was noted in only one patient at the time of arthroscopic evaluation. Peripatellar tenderness was present in all 27 patients. The region of maximal tenderness and pain corresponded to the actual site of the lesion in 24 of the 27 knees (p < 0.05). The preoperative range of movement was normal and equal to that of the opposite knee. All the knees were stable.
Radiological assessment comprised preoperative standing anteroposterior and lateral views with a tangential patellar projection taken as described by Ficat 16 with the knee in 30° of flexion. The radiological examination was repeated at follow-up. Operative technique. Following arthroscopy to confirm the presence of a cartilage lesion, the extent of the articular defect was recorded using the classification of Outerbridge 17 based on the amount of fibrillation or fissuring. An area of less than 0.5 cm was rated as grade 1, of 0.5 to 1 cm as grade 2, of 1 to 2 cm as grade 3 and exceeding 2 cm with or without exposure of the subchondral bone as grade 4.
The area of cartilage involvement was measured and the size recorded before implantation of the carbon-fibre pad. Through a standard medial parapatellar incision the patella was everted and the lesion identified. What remained of the diseased area of cartilage was removed from the underlying bone with a knife or gouge, taking care to cut the articular cartilage in a vertical plane. The subchondral bone was then prepared with a burr removing 1 to 2 mm of bone to promote bleeding, preserving the contour and integrity of the subchondral plate.
The carbon-fibre pads consist of woven carbon fibre 3 cm in diameter and 3 mm in thickness (Leyland Medical International Limited, Lancaster, UK). After measurement of the final defect, the pad was cut to size, thoroughly washed in saline, and implanted (Figs 1 and 2). Slight undermining of the edges of the remaining articular surface allowed a stable press-fit of the implant. The patella was then reduced and the knee flexed and extended several times to ensure stability of the pad before closure of the Diagram of the press-fit method of fixation of the carbon-fibre pad into the articular defect of the patella. joint in layers with vicryl and steristrips for the skin. Postoperative care. A cylinder cast was applied and isometric quadriceps exercises and straight-leg raising were begun immediately after surgery with walking at 48 hours. The cast was removed after 14 days and mobilisation of the knee started under the supervision of the physiotherapist until full movement was achieved. Normal activities were allowed with the exception of squatting, kneeling, running and sport for six months. Assessment. Patients were reviewed annually during the study. Follow-up involved a history, clinical examination of the knee, radiological assessment and arthroscopy.
To quantify the results, a functional rating scale based on pain and the level of activity was designed (Table IV) . Pain was measured preoperatively and at follow-up using a visual analogue scale. Patient satisfaction was also recorded at the final follow-up. The results were rated excellent with either 0 or 1 on the functional rating scale, good for two grades of improvement and with an overall rating of no greater than 2, fair for one grade of improvement, and poor for no improvement (Table IV) .
We used the Wilcoxon rank-sum test to compare the good and excellent with the fair and poor subgroups. Multiple variables such as gender and the size and location of the lesion were compared based on outcome using the non-parametric Kruskal-Wallis test.
At the time of repeat arthroscopy all compartments of the knee were examined. The appearance of the implanted pad was graded on the degree of incorporation of the carbon fibre and the quality of the overlying new fibrocartilage (Tables V and VI) .
The state of the synovium was noted and any existing synovitis was recorded as mild or diffuse. Seeding of the joint with carbon-fibre debris was described as either mild (a focal collection), moderate (restricted to a single compartment of the knee), or severe (seeding present in more Operative appearance of the patella with undermined defects prepared on each facet (a) and with the carbon pads press-fitted into the defects (b). They bulge slightly to ensure contact with the opposing articular surface of the femoral condyle. 
Results
The diagnosis of chondromalacia patellae was made for all 27 lesions in the 27 knees. Two were Outerbridge grade 2, 19 grade 3, and six grade 4. Sixteen were on the medial facet, eight bridged both medial and lateral facets and three were on the lateral facet. The mean size was 2.1 cm 2 . The mean length of clinical follow-up was 33 months (11 to 54). Minimal effusions were detected in four patients and normal knee movement was found in all. There was no radiological evidence of disease at follow-up. All knees had an arthroscopy at least one year after operation, in 22 between 11 and 15 months, and in five between 16 and 27 months. Functional results. Subjective and activity-related complaints improved after the operation (Tables I and II) . The functional rating scores increased from a preoperative mean of 3.2 to 2.2 and pain as measured on the visual analogue scale improved from 7.6 to 5.5. The overall patient satisfaction was only 41% (11 out of 27) including those patients who subsequently had a patellectomy. Functionally, there were four excellent, three good, seven fair and 13 poor results.
Statistical analysis showed differences in the results depending on the site of the actual lesion (p = 0.02). A good or excellent result was achieved in all three patients with lateral facet lesions, but in only 19% and 13% of those with isolated medial facet and combined medial and lateral facet defects, respectively.
There were no statistical differences in outcome based upon gender, length of preoperative complaints, mechanism of injury, preoperative grade, size or site of lesion, preoperative functional rating score, or the number of previous operations. There was also no statistical correlation with either the arthroscopic appearance of the lesion at follow-up, the degree of synovial response or carbon-fibre seeding. Arthroscopic grading. As shown in Tables V and VI the grading of the defects was I or II in 86% at one year, in 75% at two years, and in 80% at three years (Fig. 3) . Carbon seeding of the synovium. Carbon-fibre seeding was seen but was not progressive. Some seeding was clearly present in 68% of knees at one year, in 75% at two years, and in 60% at three years. There was no statistical correlation between the length of follow-up and the presence or degree of postoperative seeding (Figs 4 and 5) . I  13  II  6  III  3  IV  0  22   16 to 27  I  5  II  1  III  2  IV  0  8   28 to 39  I  3  II  1  III  1  IV  0 At follow-up, two synovial biopsies were obtained from each knee in 12 patients. Four of the 24 specimens did not contain any carbon-fibre particles and had no evidence of abnormal synovial reaction. Twenty of the specimens in ten patients contained carbon-fibre particles; all showed a giant-cell reaction with large numbers of histiocytes. In five patients there was also a low-grade inflammatory response marked by the presence of lymphocytes. In six patients the synovium was noted to be hyperplastic but only two had a grossly visible synovitis. Late patellectomy. Nine patients had a patellectomy for persistent pain at a mean of 27 months (14 to 47) after surgery. Only one had any short-term improvement before patellectomy. Some of these excised patellae had excellent coverage of the defect with fibrocartilage, but this area was softer than the surrounding cartilage so that the patients complained of a painful click as the area of patellar contact shifted from cartilage to carbon fibre and vice versa. Of the remaining 18 patients, 13 stated that they had significant improvement from the procedure and that it took an average of seven months to reach a plateau.
Discussion
The aetiology of anterior knee pain is multifactorial but, particularly in the adolescent, does sometimes respond favourably to conservative management. 2, 18 In the patient with prolonged refractory symptoms and proven articular lesions of the retropatellar surface a different clinical approach is required. 2, 16, 19, 20 Treatment in the past has included procedures to reduce the forces of patellar contact by osteotomy of the tibial tubercle or patellectomy, but both procedures have well-documented disadvantages.
2,21
Follow-up of an initial series of 96 patients treated by Pongor and colleagues using carbon-fibre woven pads showed good or excellent clinical results in 79%. 15 Most recently, in a prospective series of 37 patients, Brittberg, Faxén and Peterson 22 implanted pads and carbon-fibre rods in a combination of patellar and femoral defects in the knee. Again, good or excellent results were achieved in 80% of patients. Our results were less satisfactory. A number of factors may have contributed. Our patients had long-standing problems with few further options for treatment. The average period of debilitating symptoms before surgery was nine years and each had undergone an average of three surgical procedures. All had had at least one attempt at debridement, either arthroscopic or open. The refractory nature of the disease before this study may therefore suggest an eventual poor outcome.
Nine patients later had a patellectomy for refractory pain. Of the remaining 18, 13 had significant improvement based upon subjective and objective evaluation as well as visual analogue pain scores. We were unable to determine any preoperative predictors that would allow us to indicate a reliably favourable outcome except for the site of the lesion on the lateral facet. Synovial response. The response of the synovium to carbon fibre in the joint, in addition to other problems, led to its abandonment as a prosthetic substitute for reconstruction of intra-articular ligaments. [23] [24] [25] Arthroscopy of our patients showed synovial incorporation of the carbon fibre at more than three years after implantation without gross deterioration of the synovium. Some particulate debris was present in 68% of the arthroscoped knees with evidence of diffuse debris in four. This was not found by Muckle and Minns 14 or Brittberg et al. 22 A significant effusion was noted in only two of our knees after postoperative arthroscopy and both had evidence of diffuse seeding of the joint with carbon fibre. All 20 of our synovial specimens which contained carbon debris had a giant-cell reaction marked by large numbers of histiocytes, and five had evidence of a low-grade inflammatory response. Longer-term evaluation is needed to assess fully the significance of this response. It may be that the combination of the small amount of carbon used in these implants as compared with that in ligament substitution, and the rapid formation of fibrocartilage over the surface, resulted in limited and insignificant synovial contamination.
The use of woven carbon-fibre pads for the treatment of chronic painful defects of the cartilage on the patella was effective in treating long-term complaints of pain in only 41% of our patients. There was good incorporation of the implants but some seeding of carbon debris within the synovium producing a histological response marked by a histiocytic giant-cell reaction, although there was no evidence of progressive synovitis.
We do not recommend this form of treatment for articular cartilage lesions of the patella except for small defects on the lateral facet.
